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Seven cases of pulmonary atresia with intact ventricular
septum were detected in prenatal life. In two of these
cases, there was a small hypertrophied right ventricle
of the type commonly seen postnatally. In the remaining
fivecases, the right atrium and right ventricle were grossly
dilated to a degree that caused lung compression. The
resulting impairment of lung development appeared to
Pulmonary atresia with intact ventricular septum is asso-
ciated with a poor prognosis with or without surgery (1-4).
Morphologic classification has usually been into two groups-
cases with a small right ventricle, and those with a normal
or dilated right ventricle (5). Further classification of those
cases with a small right ventricle allows prognostication to
be more accurate (6). Those with a normal or dilated right
ventricle are much less common in the postnatal series (6
of 50 [4] and 3 of 37 [7]). In the clinical postnatal series
of Shams et ai. (4), all cases of pulmonary atresia with a
large right ventricle had a fatal outcome in the early postnatal
period.
Cardiac anomalies detected by fetal echocardiography
present an unusual and more severe spectrum of congenital
heart disease than is seen in postnatal life (8). In a series
of more than I()() anomalies detected prenatally , pulmonary
atresia with intact ventricular septum was diagnosed in seven
cases. We present our experience in these cases.
Methods
Study patients. In seven patients referred for fetal echo-
cardiography , the fetus was found to have pulmonary atresia
with intact ventricular septum. Four patients were referred
because fetal cardiac enlargement had been noticed on a
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be an important factor contributing to death in all five
cases. Decompression of the right ventricle by intra-
uterine surgery to allow normal lung development in the
last weeks of pregnancy may be the only way of changing
this outcome.
(J Am Call CardioI1986;8:1131-6)
routine obstetric scan , two because the fetal heart appeared
"unusual" to the ultrasonographer and one because of fetal
hydrops. No case of pulmonary atresia was detected in other
high risk groups examined by fetal echocardiography (for
example, mothers with a family history of congenital heart
disease).
Echocardiography. The fetal heart was examined by
echocardiography using an Advanced Technology Labora-
tories Mark III sector scanner with a 3 or 5 MHz transducer
or with a Hewlett Packard 77020A phased array scanner
with a medium-focus 5 MHz transducer. Doppler evaluation
was added to the examination in the last three patients .
Pulmonary atresia was diagnosed when the pulmonary valve
could not be seen to open on M-mode or two-dimensional
echocardiographyor where no forward flow was found through
the pulmonary artery on Doppler interrogation. In associ-
ation with these findings, the tricuspid valve was seen to
be patent and its septal attachment was not displaced. Cases
of tricuspid atresia or Ebstein 's anomaly with pulmonary
atresia were excluded from this study. Measurements were
made of right and left ventricular internal dimensions , and
the ratio between the two was calculated. Measurements of
the aorta and pulmonary artery were made, and the ratio
between the two was calculated. The tricuspid valve was
examined for valvular incompetence in the three last pa-
tients. Anatomic specimens were obtained in four of the
seven cases.
Results
Cases with small right ventricle. In Cases I and 2 in
Table I, referred at 32 and 33 weeks' gestation, respec-
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Table 1. Cases of Pulmonary Atresia Seen Prenatally
Gestational
age at Associated
presentation (wk) Outcome anomalies
Cases with a small right
ventricle
Case I 32 Intrauterine death Dysmorphic; growth retarded;
maternal diabetes
Case 2 33 Blalock-Taussig shunt; None
alive and well
Cases with a dilated right
ventricle
Case 3 32 Neonatal death I h Hydrops; limb shortening;
facial anomalies
Case 4 32 Neonatal death; ventilation No external anomalies
impossible on delivery (no autopsy)
Case 5 16 Intrauterine death None; lungs of "small
volume" at postmortem
study
Case 6 33 Neonatal death at 36 h None; lungs of "small
volume" at postmortem
study
Case 7 27 Neonatal death at 6 days; None; lungs of "small
died after Blalock-Taussig volume" at postmortem
shunt and pulmonary study
valvotomy attempted
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tively, because the heart appeared "unusual" on obstetric
scanning, there was pulmonary atresia with a small right
ventricular cavity « 2mm internal dimension) (Fig. I). The
trabecular portion of the right ventricle was obliterated as
a result of massive right ventricular hypertrophy, and the
tricuspid valve ring was small. The tricuspid valve opened
with limited excursion on the M-mode echocardiogram in
each case. There was no egress from the right ventricle, the
pulmonary valve being atretic. In Case I, the fetus was
Figure 1. Case I. Fetal echocardiogram (right) and
line drawings (left). The left ventricle (LV) is seen
with the aorta arising from it. The right ventricle
(RV) is a small hypertrophic mass with no discern-
ible mass seen in this projection. AoV = aortic
valve.
Anterior
chest wall
found to be dead on follow-up scan at 35 weeks' gestation.
Anatomic dissection confirmed the echocardiographic find-
ings. The other neonate had a successful modified left Bla-
lock-Taussig shunt on the second day of life (Case 2).
Cases with dilated right ventricle. Four of the re-
maining five cases were initially referred at 16, 27, 32 and
33 weeks' gestation, respectively, because of cardiac en-
largement. The remaining case was referred at 32 weeks
for investigation of fetal hydrops.
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Figure 2. Case 6. Fetal echocardiogram (right) and
line drawing (left) . The heart occupies more than
half of the fetal thorax. The right atrium (RA) and
the right ventricle (RV) are grossly dilated . LV =
left ventricle .
•
Figure 3. The right ventricle/left .ventricle (RV/LV) ratio in the
five cases of pulmonary atresia is compared with the normal range.
The heart was dilated in all five cases and filled most of
the thoracic cavity as a result of right atrial and right ven-
tricular dilation (Fig. 2). Left ventricular dimensions were
within the normal range for the gestational age (9). The
ratio of right ventricular to left ventricular dimensions in
each case is compared with normal in Figure 3. Similar
results were obtained whether M-mode or two-dimensional
measurements were used. A membrane or dense echo oc-
cluding the main pulmonary artery was seen in the position
of the pulmonary valve (Fig. 4). This varied in thickness
in each case , and moved but did not open with systole in
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any case. The main pulmonary artery was smaller than the
aorta in every case, the pulmonary artery to aorta ratio being
between 0.5 and 0.75 compared with a normal ratio (± SO)
of 1.3 ± 0.2. Doppler examination was added to the eval-
uation in the last three of these patients. In all cases, this
showed free tricuspid regurgitation (Fig. 5). No forward
flow could be detected through the pulmonary valve in any
of these three cases.
Outcome of fetuses with right ventricular dilation (Ta-
ble 1). In one of these five fetuses (Case 3), associated
congenital abnormalities were found on ultrasound exami-
nation, including limb shortening with fetal hydrops. This
infant died within I hour of birth; ventilation was not at-
tempted because of the associated anomalies. Facial ab-
normalities and the limb deformity were confirmed on ex-
ternal examination, but postmortem examination was refused.
In Case 4, it was impossible to resuscitate the fetus at birth
at term and postmortem study was refused. Case 5 presented
at 16 weeks' gestation, but intrauterine death was noted at
18 weeks' gestation. The remaining two infants were de-
livered at term. Infant 6 died on the second day of life when
ventilatory support could no longer sustain life. In Case 7,
the prenatal echocardiographic findings were confirmed at
postnatal echocardiography. Ventilatory support and pros-
taglandin infusion stabilized the partial pressure of oxygen
(Po2) at 60 mm Hg, and the infant was operated on at 6
days of age. A modified left Blalock-Taussig shunt and
transventricular pulmonary valvotomy were performed
through a left thoracotomy. Adequate cardiac output could
not be maintained, and the infant died 4 hours postopera-
tively.
Postmortem examination was performed in the last three
of the five cases with a dilated right ventricle. On opening
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Right ventricle
Left ventricle
Figure 4. Case 7. Fetal echocardiogram (left) and
line drawing (right). The left ventricle appears cir-
cular in the short-axis view. The right ventricle (rv)
IS dilated. The pulmonary valve (pv) is represented
by a thickened membrane that does not open on
systole.
the anterior chest, the heart filled the whole of the anterior
view. The lungs were of small volume and compressed into
the posterior thorax in each case. The prenatal echocardio-
graphic findings were confirmed; namely , the right atrium
and right ventricle were dilated and the pulmonary artery
was less than half the size of the aortic root in each case.
The tricuspid valve ring was dilated and the valve was
slightly abnormal in appearance , although not displaced ,
stenotic or severely disorganized. In no case was the pul-
SA\\PLE VOLU\IE I RI GHT ATRI
monary valve probe-patent , three thickened fused cusps being
seen in each case .
Discussion
Incidence. The form of pulmonary atresia most com-
monly seen in postnatal life (that is, small cavity and hy-
pertrophied right ventricle) occurred in only two ofour seven
cases. Conversely, 5 of our cases of pulmonary atresia were
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Figure 5. Case 7. Doppler echocardiogram of the tri-
cuspid valve. The Dopplersample volume is positioned
in the right atrium. Forward flow through the tricuspid
valve is seen below the zero line ( ~ ). Regurgitantflow
is seen above the zero line ( i ).
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of the dilated right heart form , which was found in only 1
of 12 cases in the series of Shams et a1. (4) and 3 of 37
cases in the series of Zuberbuhler and Anderson (7), Al-
though six of our seven cases were referred because of the
suspicion of fetal cardiac disease on routine obstetric scan-
ning , cardiac dilation is perhaps easier to recognize than
hypoplasia of the right ventricle . However , extension of
teaching practices has increased the recognition of both forms
of pulmonary atresia , five of our cases having been seen
within the last year.
It is perhaps surprising that more examples of the dilated
form of pulmonary atresia are not found in stillbirth series
and among perinatal deaths; in three of our cases death
occurred in utero or immediately postnatally. The two fe-
tuses that survived delivery required strenuous and imme-
diate ventilatory support. Perhaps in normal circumstances
with no pediatrician on hand for immediate resuscitation on
delivery , neither infant would have survived long enough
for cardiologic investigation. This , coupled with the high
incidence of fetal and immediate perinatal loss, accounts
for the rarity of this form of pulmonary atresia in pediatric
cardiology centers .
Potential interventional techniques. It appears that the
lung compression as a consequence of the cardiac enlarge-
ment has an important bearing on the outcome. An analo-
gous situation is that of congenital diaphragmatic hernia ,
where the bowel contents inhibit lung development in the
crucial last IO weeks of pregnancy. Many infants (up to
80%) die because of inadequate lung capacity despite im-
mediate postnatal surgery . Experimental studies on an an-
imal model (10) suggest that prenatal decompression of the
fetal thorax is feasible and successful in this condition, and
may be the only way of improving the results of surgery
for congenital diaphragmatic hernia, Decompression of the
right ventricle in prenatal life may be the only means of
improving our results in this dilated form of pulmonary
atresia . Although many of the difficulties of hysterotomy
and surgical procedures in the fetal animal have now been
overcome (II) , it seems unlikely that this will be feasible
in the human fetus in the near future . However , invasive
obstetric techniques are becoming increasingly ambitious.
Fetal blood sampling, intracranial decompression, intraab-
dominal and pleural drainage and catheter implantation into
the renal pelvis have all been successfully undertaken (12-15) .
All these procedures used to be performed under fetoscopic
control , a highly skilled and specialized technique, but such
procedures are now being performed with ultrasound guid-
ance (16) .
Umbilical vein catheterization in its intrahepatic course,
is possible with ultrasound control for fetal blood sampling.
Advancing this catheter into the heart under echocardio-
1 thank Arthur Garson, MD of Texas Children ' s Hospital for constructive
criticism.
graphic control in a similar fashion as in postnatal techniques
(17) appears potentially feasible, although to our knowl-
edge , this has not been attempted. Interventional catheter
design is of increasing ingenuity (18,19). Relief of right
ventricular outflow obstruction , perhaps by valvotomy, may
decrease tricuspid incompetence and right heart size and
allow normal lung development to occur. Although still a
futuristic concept , such a procedure is not an impossible
step from current invasive techniques for obstetric purposes.
It is possible, however, to postulate that the pulmonary
atresia found in these cases with a dilated right ventricle is
a secondary lesion acquired in fetal life as a result of gross
tricuspid incompetence (20,21) . If this is the case, an in-
terventional technique would not be useful. A very poor
prognosis would have to be anticipated on the basis of our
experience, and termination of pregnancy should be con-
sidered if the diagnosis is made at a sufficiently early stage .
Conclusion. Fetal echocardiography exposes forms of
congenital heart disease not commonly seen postnatally be-
cause of the high incidence of perinatal loss . Pulmonary
atresia with intact ventricular septum , right ventricular di-
lation and lung hypoplasia may be a potential setting for
catheter-mediated intrauterine surgery. Alternati vely, when
the diagnosis has been made in early pregnancy, decisions
on the continuance of the pregnancy can be made in the
light of our observations of the natural history of this form
of congenital heart disease.
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